The extent of nucleosynthesis in models of type I X-ray bursts and the associated impact on the energy released in these explosive events are sensitive to nuclear masses and reaction rates around the 64 Ge waiting point. Using the well known mass of 64 Ge, the recently measured 65 As mass, and largescale shell model calculations, we have determined new thermonuclear rates of the 64 Ge(p,γ) 65 As and 65 As(p,γ) 66 Se reactions with reliable uncertainties. The new reaction rates differ significantly from previously published rates. Using the new data we analyze the impact of the new rates and the remaining nuclear physics uncertainties on the 64 Ge waiting point in a number of representative onezone X-ray burst models. We find that in contrast to previous work, when all relevant uncertainties are considered, a strong 64 Ge rp-process waiting point cannot be ruled out. The nuclear physics uncertainties strongly affect X-ray burst model predictions of the synthesis of 64 Zn, the synthesis of nuclei beyond A = 64, energy generation, and burst light curve. We also identify key nuclear uncertainties that need to be addressed to determine the role of the 64 Ge waiting point in X-ray bursts. These include the remaining uncertainty in the 65 As mass, the uncertainty of the 66 Se mass, and the remaining uncertainty in the 65 As(p,γ) 66 Se reaction rate, which mainly originates from uncertain resonance energies.
INTRODUCTION
A type I X-ray burst (XRB) arises from a thermonuclear runaway in the accreted envelope of a neutron star in a close binary star system (for reviews, see, e.g., Lewin et al. (1993) ; Schatz et al. (1998) ; Strohmayer & Bildsten (2006) ; Parikh et al. (2013) ). Roughly 100 bursting systems have been discovered to date, with light curves exhibiting peak luminosities of L peak ≈ 10 4 -10 5 L ⊙ and timescales of 10-100 s. During an XRB, models predict that a H/He-rich accreted envelope may become strongly enriched in heavier nuclei though the αp-process and the rp-process (Wallace & Woosley 1981; Schatz et al. 1998 ). These two processes involve α-particle-induced or proton-capture reactions on stable and radioactive nuclei, interrupted by occasional β-decays. When the rpprocess approaches the proton dripline, successive capture of protons by nuclei is inhibited by a strong reverse photodisintegration reaction rate. The competition between the rate of proton capture and the rate of β-decay at these "waiting points" (e.g., 60 Zn, 64 Ge, and 68 Se) determines the extent of the synthesis of heavier mass nuclei during the burst (Schatz et al. 1998) . Peak temperatures during the thermonuclear runaway may approach or exceed 1 GK, resulting in the synthesis of nuclei up to mass A ≈ 100 (Schatz et al. 2001; Elomaa et al. 2009 ). Model predictions depend, however, on astrophysical paElectronic address: jianjunhe@impcas.ac.cn; anuj.r.parikh@upc.edu; schatz@nscl.msu.edu rameters such as accretion rate, the composition of the accreted material, and the neutron star surface gravity, as well as on nuclear physics quantities such as nuclear masses and reaction rates.
The 64 Ge(p,γ) 65 As and 65 As(p,γ) 66 Se reactions have been demonstrated to have a significant impact on nucleosynthesis during XRBs. (See Parikh et al. (2014) for a recent review of the impact of nuclear physics uncertainties on predicted yields and light curves from XRB models.) Direct measurements of these reactions at the relevant energies in XRBs are not yet possible due to the lack of sufficiently intense radioactive 64 Ge and 65 As beams. Moreover, due to the unknown mass of 66 Se and the lack of nuclear structure information for states within ≈ 1-2 MeV of the 64 Ge+p and the (theoretical) 65 As+p energy thresholds in 65 As and 66 Se, respectively, it is not possible to estimate rates for these reactions based on experimental nuclear structure data. As a result, XRB models use 64 Ge(p,γ) 65 As and 65 As(p,γ) 66 Se thermonuclear rates derived from theoretical calculations. Using such models it has been demonstrated that varying the 65 As(p,γ) 66 Se rate by a factor of ten at the relevant temperatures affects the calculated abundances of nuclei between A ≈ 65-100 by factors as large as about 5 (Parikh et al. 2008) . For 64 Ge(p,γ) 65 As, models have illustrated the importance of the Q-value (or proton separation energy S p ) adopted for this reaction, with variations by ±300 keV affecting final calculated abundances between A ≈ 65-100 by factors as large as about 5 (Parikh et 1 http://groups.nscl.msu.edu/jina/reaclib/db Here we determine new thermonuclear 64 Ge(p,γ) 65 As and 65 As(p,γ) 66 Se reaction rates using the updated S p values of 65 As and 66 Se together with new nuclear structure information from large-scale shell-model calculations. Using the new data we fully characterize the nuclear physics uncertainties that affect the rp-process through 64 Ge and reexamine the question of the 64 Ge waiting point.
REACTION RATE CALCULATIONS
The total thermonuclear proton capture reaction rate consists of the sum of resonant-and direct-capture (DC) on ground state and thermally excited states in the target nucleus, weighted with their individual population factors (Fowler et al. 1964; Rolfs & Rodney 1988) . It can be calculated by the following equation:
with the parameters defined by Schatz et al. (2005) .
2.1. Resonant rates For isolated narrow resonances, the resonant reaction rate for capture on a nucleus in an initial state i, N A σv i r , can be calculated as a sum over all relevant compound nucleus states j above the proton threshold (Rolfs & Rodney 1988; Iliadis 2007) . It can be expressed by the following equation (Schatz et al. 2005) :
where the resonance energy in the center-of-mass system, E ij = E j − S p − E i , is calculated from the excitation energies of the initial E i and compound nucleus E j state. For the ground-state capture, the resonance energy is represented by E i r = E j x − S p . T 9 is the temperature in Giga Kelvin (GK) and µ is the reduced mass of the entrance channel in atomic mass units (µ = A T /(1 + A T ), with A T the target mass number). In Eq. 2, the resonance energy and strength are in units of MeV. The resonance strength ωγ is defined by
where J i is the target spin and J j , Γ are spin, proton decay width, γ-decay width, and total width of the compound nucleus state j, respectively. The total width is given by Γ j total = Γ j γ + i Γ ij p , because other decay channels are closed (Audi et al. 2012) in the excitation energy range considered in this work.
The proton width can be estimated by the following equation, where C 2 S(nlj) denotes a proton-transfer spectroscopic factor, while Γ sp is a single-proton width for capture of a proton on an (nlj) quantum orbital. The Γ sp are obtained from proton scattering cross sections calculated with a Woods-Saxon potential (Richter et al. 2011; Brown 2014) . Alternatively, the proton partial widths may also be calculated by the following expression (Van Wormer et al. 1994; Herndl et al. 1995) ,
Here, R = r 0 × (1 + A T ) 1/3 fm (with r 0 = 1.25 fm) is the nuclear channel radius. The Coulomb penetration factor P ℓ is given by
where k = √ 2µE/ is the wave number with energy E in the center-of-mass (c.m.) system; F ℓ and G ℓ are the regular and irregular Coulomb functions, respectively. The proton widths given by these two methods (i.e., by Eqs. 4 and 5) agree well with each other, with a maximum difference of about 35%.
The key ingredients necessary to estimate the resonant 64 Ge(p,γ) and 65 As(p,γ) rates are energy levels in 65 As and 66 Se, proton transfer spectroscopic factors, and proton and gamma-ray partial widths. For 65 As, only a single level has been observed at E x = 187(3) keV (Obertelli et al. 2011) . For 66 Se, one level has been confirmed at E x = 929(7) keV, and indications for two other levels at 2064(3) keV and 3520(4) keV have been reported, with tentative assignments of (4 + ) and (6 + ), respectively (Obertelli et al. 2011; Ruotsalainen et al. 2013 ). There are no more experimental data available for these two nuclei. In this work, we have calculated the energy levels, spectroscopic factors and gamma widths within the framework of a large-scale shell model, without truncation, using the shell-model code NuShellX@MSU (Brown & Rae 2014) . The effective interaction GXPF1a (Honma et al. 2004 (Honma et al. , 2005 has been utilized for these two pf -shell nuclei.
The γ widths, Γ γ , have been calculated from the electromagnetic reduced transition probabilities B(J i → J f ; L), which carry the nuclear structure information of the resonant states and the final bound states (Brussaard & Glaudemans 1977) . The reduced transition rates are computed within the shell model. Most of the transitions in this work are of M 1 and E2 types. The relations are (Herndl et al. 1995) :
and
The B(E2) values have been obtained from empirical effective charges, e p = 1.5e, e n = 0.5e, whereas the B(M 1) values have been obtained with a four-parameter set of empirical g-factors, i.e. g (Honma et al. 2004 ). In addition, we have also included proton resonant captures on the thermally excited target states. Since the first-excited state in 64 Ge is quite high (E x = 902 keV), thermal excitation can be neglected for typical X-ray burst temperatures. For the 65 As(p,γ) 66 Se rate, we included proton capture on the first four thermally excited states of 65 As (i.e., on the 0.187, 0.501, 0.863 and 0.947 MeV states listed in Table 1 ). Capture on thermally excited states contributes at most 38% to the total capture rate at 2 GK (Lam et al. 2016 ). The properties of 65 As and 66 Se for the ground-state captures are summarized in Table 1 and Table 2 , respectively. In addition, the properties of 66 Se for the first-excited-state capture (the major thermally excited-state contribution) are summarized in Table 3 .
Peak temperatures in recent hydrodynamic XRB models have approached 1.5-2 GK (Woosley et al. 2004; José et al. 2010 ). At such temperatures, resonant rates for the 64 Ge(p,γ) and 65 As(p,γ) reactions are expected to be dominated by levels with E r ≤ 2.5 MeV (i.e., Gamow energy (Rolfs & Rodney 1988) ). This means that excitation energy regions of up to E x ≤ 2.5 MeV for 65 As, 
0.929 (7) 0 Tables 1 and 2 ). For 64 Ge(p,γ) only resonances up to E r =1.035 MeV contribute significantly to the reaction rate up to 2 GK; for 65 As(p,γ) only five resonances (at E r =0.333, 0.557, 0.754, 0.836 and 1.061 MeV) dominate the total resonant rate within the temperature region of 0.2-2 GK. Those 21 resonances above E r =1.061 MeV make only negligible contributions to the total reaction rate up to 2 GK. Therefore, the contributions from the levels presented in Tables 1 and 2 should be adequate to account for these two resonant rates at XRB temperatures.
Direct-capture rates
The nonresonant direct-capture (DC) rate for proton capture can be estimated by the following expression (Angulo et al. 1999; Schatz et al. 2005) ,
with Z T being the atomic number of either 64 Ge or 65 As. The effective astrophysical S-factor at the Gamow energy E 0 , i.e., S i DC (E 0 ), can be expressed by (Fowler et al. 1964; Rolfs & Rodney 1988) ,
where S i (0) is the S-factor at zero energy, and the dimensionless parameter τ is given numerically by τ = 4.2487(Z 2 T µ/T 9 ) −1/3 for the proton capture. In this work, we have calculated the DC S-factors with the RADCAP code (Bertulani et al. 2003) . The WoodsSaxon nuclear potential (central + spin orbit) and a Coulomb potential of uniform-charge distribution were utilized in the calculation. The nuclear central potential V 0 was determined by matching the bound-state energies. The spectroscopic factors were taken from the shell model calculation and are listed in Table 1 and Table 2. The optical-potential parameters (Huang et al. 2010) 
1/3 fm, a 0 = a s.o. = 0.65 fm, with a spin-orbit potential depth of V s.o. = −10 MeV. Here, R 0 , R s.o. , and R C are the radii of central potential, the spin-orbit potential and the Coulomb potential, respectively; a 0 and a s.o. are the corresponding diffuseness parameters in the central and spin-orbit potentials, respectively.
For the 65 As(p,γ) 66 Se reaction, S(0) values for DC captures into the ground state and the first-excited state (E x =929 keV) in 66 Se are calculated to be 8.3 and 3.5 MeV·b, respectively. The total DC rate for this reaction is only about 0.1% that of the resonant one at 0.05 GK. For the 64 Ge(p,γ) 65 As reaction, we find a DC S(0) value for this reaction of about 35 MeV·b. The DC contribution is only about 0.3% even at the lowest temperature of 0.06 GK. Even when considering estimated upper limits to the DC contribution (He et al. 2014) , the resonant contributions still dominate the total rates above 0.06 GK and 0.05 GK for 64 Ge(p,γ) 65 As and 65 As(p,γ) 66 Se reactions, respectively. The probabilities of populating the first-excited states in 64 Ge (E x =902 keV) and 65 As (E x =187 keV) relative to the ground states at temperatures below 0.1 GK are extremely small, and hence contributions of the direct-capture from these excited states can be neglected.
RESULTS
The resulting total thermonuclear 64 Ge(p,γ) 65 As and 65 As(p,γ) 66 Se rates are listed in Table 4 as functions of temperature. The present (Present, hereafter) rates can be parameterized by the standard format of Rauscher & Thielemann (2000) . For 64 Ge(p,γ) 65 As, we find: + 21.362 ln T 9 ) , with a fitting error of less than 0.4% at 0.1-2 GK. We emphasize that the above fits are only valid with the stated error over the temperature range of 0.1-2 GK. Above 2 GK, one may, for example, match our rates to statistical model calculations (see e.g., NACRE by Angulo et al. (1999) ). Figure 1 shows the comparison of the Present 64 Ge(p,γ) 65 As rate with others compiled in JINA REA-CLIB: rpsm, rath, thra, laur, and ths8. Note that only the rpsm rate uses an S p ( 65 As) value that is within 1σ of the recently determined experimental value. The Present rate differs significantly from others in the temperature region of interest in XRBs. The disagreement, in particular with the rpsm rate, demonstrates that the statisticalmodel is not applicable for this reaction owing to the low density of excited states in 65 As. Similarly, the comparison of the Present 65 As(p,γ) 66 Se rate with other rates available in the JINA REACLIB: rpsm, rath, thra, laur, and ths8, is presented in Fig. 2 . Only the laur and rpsm rates use S p ( 66 Se) values that are within 1σ of the currently accepted value. Although the Present rate differs significantly from the others, especially at lower and higher temperature regions, it is consistent with all others within the remaining large uncertainties. At T >1 GK, the laur rate is the lowest rate simply because only three excited states were considered by Van Wormer et al. (1994) . It should be noted that Fig. 1 , but for the 65 As(p,γ) 66 Se reaction. Note the rpsm rate is quite close to the rath, ths8 and thra rates at different temperature regions (Cyburt et al. 2010) , and hence the corresponding line is not clearly visible. See details in the text and Table 4 . (A color version of this figure is available in the online journal.) 66 Se (Honma et al. 2002) 2 ). These were added in quadrature to give uncertainties of ±188 keV and ±353 keV for the resonance energies E r of 64 Ge(p,γ) 65 As and 65 As(p,γ)
66 Se, respectively. Note that for the two known levels, i.e., E x =187 keV in 65 As and E x =2064 keV in 66 Se, an experimental excitation energy uncertainty of ±3 keV is used instead. For 64 Ge(p,γ) 65 As, all resonance strengths ωγ are proportional to Γ p since Γ p ≪Γ γ (see Table 1 and Eq. 3). The uncertainties in Γ p (or ωγ) owing to the uncertainties in E r are calculated based on the energy dependence expressed in Eq. 5. In the case of 65 As(p,γ) 66 Se, only five resonances (at E r =0.333, 0.557, 0.754, 0.836 and 1.061 MeV dominate the resonant rate within the temperature region of 0.2-2 GK. Here, the resonant strengths ωγ are proportional to Γ p for the first four resonances, while the strength of the last resonance at 1.061 MeV (dominating over ∼0.9-2 GK) depends on both, Γ p and Γ γ . Uncertainties in Γ γ can be neglected because of the much larger rate uncertainties caused by E r and Γ p . The uncertainties for all resonances listed in Table 2 are considered in the present calculations.
ASTROPHYSICAL IMPLICATION
We examine the impact of our new 64 Ge(p,γ) and 65 As(p,γ) rates and their uncertainties on the rp-process using one-zone XRB models. Post processing calculations using temperature and density trajectories from the literature enable a quick assessment of the impact of nuclear physics changes on the strength of the 64 Ge waiting point using the A = 64 abundance, and on the burst energy generation rate. We use the post-processing approach for the K04 X-ray burst model (Parikh et al. 
( a ) Fig. 3 .-Final abundances, as mass fractions X, following one-zone XRB calculations using the K04 thermodynamic history (Parikh et al. 2008 (Parikh et al. , 2009 ). Results using rates determined in the Present work and in JINA REACLIB: rpsm, rath, thra, laur, and ths8 are indicated. Panels (a) and (b) show the effects of using either different 64 Ge(p,γ) or different 65 As(p,γ) rates, respectively, while panel (c) shows the effect of using different 64 Ge(p,γ) and 65 As(p,γ) rates together. The impact of the uncertainties in the Present 64 Ge(p,γ) and 65 As(p,γ) rates (see Figs. 1 and 2 ) is indicated as ∆(Present) in panels (a) and (b). (A color version of this figure is available in the online journal.)
2008, 2009). However, postprocessing calculations do not take into account the changes in temperature and density that result from the energy generation changes. They can therefore not predict reliably the quantitative impact on produced abundances and light curves. To account for this effect, we also use the full one-zone Xray burst model (Schatz et al. 2001) , which represents a more extreme burst with very hydrogen rich ignition.
Post processing results for K04
With the representative K04 thermodynamic history (Parikh et al. 2008 (Parikh et al. , 2009 ), final abundances (as mass fractions X) and the nuclear energy generation rate E gen during a burst have been studied by performing separate XRB model calculations with different rates. In the K04 model, the peak temperature T peak = 1.4 GK is similar to those reached at the base of the envelope in comparable hydrodynamic XRB models (e.g., 1.3 GK in José et al. (2010)). Figs. 3 and 4 compare results for X and E gen using rates from the present work to results using rates available in JINA REACLIB: laur, rath, rpsm, thra, ths8. The impact of (a) using different 64 Ge(p,γ) rates (with the 65 As(p,γ) rate held constant at the Present value), (b) using different 65 As(p,γ) rates (with the 64 Ge(p,γ) rate held constant at the Present value) and (c) using different 64 Ge(p,γ) and 65 As(p,γ) rates together, is indicated in each of the two figures. For each change in reaction rate, the corresponding inverse reaction rate is also changed to maintain detailed balance. This inverse rate strongly depends on the adopted reaction S p -value for the respective forward rate. As we compare the impact of different rates that have been determined using very different S p values (see Sect. 2 and Figs. 1 and 2) , the results illustrate not only the influence of the rate calculation, but also the influence of different forward to reverse rate ratios due to different S p -values.
The results of Figs. 3 and 4 are interesting, but not entirely unexpected. For the case of the 64 Ge(p,γ) reaction, an equilibrium between the rates of the forward (p,γ) and reverse (γ,p) processes is quickly established due to the small (p,γ) Q-value relative to kT at XRB temperatures: at 1 GK, kT ≈ 100 keV. As a result, it is the (p,γ) Q-value, rather than the actual 64 Ge(p,γ) rate, that is the most important nuclear physics quantity needed to characterize the equilibrium abundance of 65 As (and the subsequent flow of material to heavier nuclei through the 65 As(p,γ) reaction), c.f. Schatz et al. (1998); Iliadis (2007) ; Parikh et al. (2009) . This is nicely illustrated in Fig. 3(a) : the 64 Ge(p,γ) rates adopting positive (p,γ) Q-values (thra, laur, rath) give relatively lower final abundances around A = 64 and larger abundances at higher masses precisely because of the larger equilibrium abundances of 65 As during the burst, allowing for increased flows of abundances to higher masses via the 65 As(p,γ) reaction. On the other hand, the opposite is true for those rates adopting negative (p,γ) Q-values (ths8, Present, rpsm) because of the larger equilibrium abundances of 64 Ge and lower relative abundances of 65 As during the burst. Indeed, the summed mass fractions of species with A > 70, X 70 , vary considerably for different choices of Q-values. For example, when the thra, ths8 or Present rates are adopted, X 70 = 0.58, 0.21, or 0.33, respectively.
A consequence of the increased flow of abundances to heavier nuclei is seen in Fig. 4(a) , where the models adopting the thra, laur, and rath rates give the largest E gen at late times due to energy released from the decay of the larger amounts of heavy nuclei produced during the burst. As expected, the opposite is true for E gen in the models using the ths8, Present and rpsm rates. We note that the predictions for E gen at late times vary rather significantly between the models using the different rates, with differences as large as a factor of ≈ 2.
For the case of the 65 As(p,γ) reaction, where a large positive (p,γ) Q-value is adopted in all rate estimates, the importance of the actual rate is illustrated in Fig. 3(b) . The model adopting the largest rate at the most relevant temperatures (T > 0.9 GK, c.f. José et al. (2010) rath, gives the lowest abundances around A = 64 and the largest abundances at higher masses. Again, as expected, the opposite is true for the model using the lowest 65 As(p,γ) rate, laur. The variation in X 70 for different choices of the 65 As(p,γ) rate is significant, with X 70 = 0.49 with the rath rate, and 0.29 with the laur rate. The behavior of E gen for these models is again in accord with the distributions of the final abundances, with the largest E gen at late times arising from the model using the rath rate, and the lowest E gen arising from the model using the laur rate.
Finally, the effects of using different 64 Ge(p,γ) and 65 As(p,γ) rates from the same theoretical model calculation are shown in Figs. 3(c) and 4(c) . This reveals the impact of competing influences from these two rates. For example, the model using the ths8 64 Ge(p,γ) rate gave the lowest relative abundances at higher masses (see Fig. 3(a) ), while the model using the ths8 65 As(p,γ) rate gave among the highest relative abundances at higher masses (see Fig. 3(b) ). When these two rates are used together, the combined impact on the final abundances (and E gen ) is, not surprisingly, moderated. Fig. 3 (c) also shows that using the Present 64 Ge(p,γ) and 65 As(p,γ) rates results in the strongest 64 Ge waiting point, and the lowest final abundances at the highest masses. Differences with respect to predictions using rates from JINA REACLIB are as large as a factor of ≈ 7 at individual values of A. X 70 calculated with the two Present rates differs by as much as factor of 1.8 from models using the other rates.
We have also examined the impact on XRB model predictions of our uncertainties in the Present 64 Ge(p,γ) and 65 As(p,γ) rates, as shown in Figs. 1 and 2 . Reverse rates for the lower and upper forward rates were determined using exactly the Q-values adopted for the corresponding forward rate calculations. Panels (a) and (b) of Figs. 3 and 4 show how these rate uncertainties affect final abundances and E gen in the K04 model, with mass fractions above A = 64 varying by up to a factor of 3 due to the individual uncertainties in the rates, X 70 varying by up to a factor of 2, and E gen varying by up to 35% at late times. The impact on X and E gen of the uncertainties in the Present rates is somewhat smaller than that from different choices of rates but clearly not insignificant. As such, the mass of 66 Se should be determined experimentally and the uncertainty in the mass of 65 As should be reduced to better constrain model predictions. point on the full one-zone X-ray burst model described in Schatz et al. (2001) . We note that this model is different from K04. It represents a burst that ignites in a very hydrogen rich environment, for example at high accretion rates and very low accreted metallicity, and was developed to explore the maximum extent of the rpprocess towards heavy elements. To determine the total remaining uncertainty in the burst model due to the nuclear physics of the 64 Ge waiting point, we performed two extreme calculations. The calculations assume the most favourable (unfavourable) nuclear physics choice for the rp-process to pass through the 64 Ge waiting point, adopting the upper (lower) limit of the 64 Ge(p,γ) and 65 As(p,γ) reaction rates, and the upper (lower) limits of S p ( 65 As) and S p ( 66 Se). Varying S p values independently, rather than varying individual masses, is justified as the uncertainties in S p ( 65 As) and S p ( 66 Se) are each completely dominated by the mass uncertainty of 65 As and 66 Se, respectively. Figs. 5 and 6 show the impact of the nuclear physics uncertainties on burst light curve and final composition. Clearly the nuclear physics uncertainties have a strong impact on observables. The abundance ratio of A = 64 to A = 68, a measure for the strength of the 64 Ge waiting point varies from 1.1 (making 64 Ge the strongest waiting point) to 0.2 (making 64 Ge not a significant waiting point). This is consistent with the result from Tu et al. (2011) who found that with their new 65 As mass 64 Ge is only a weak waiting point. However, as we show here, when taking into account all nuclear physics uncertainties, a strong 64 Ge waiting point cannot be ruled out. Fig. 7 shows the ratio of the final abundances. Similar to the results obtained for model K04 using post-processing, a weak 64 Ge waiting point (low 64 Ge abundance) leads to an enhancement of the production of heavier elements by up to a factor of 2. As already noted by Tu et al. (2011) the production of the heaviest nuclei with A ≥ 106 is however reduced for a weak 64 Ge waiting point. This somewhat counter intuitive result is a consequence of the faster burning at higher temperature, which leads to a shorter burst as hydrogen is consumed more quickly. This effect is not
